Introduction
============

Chronic hepatitis C is a major cause of hepatocellular injury, activation of hepatic stellate cells, increased deposition of extracellular matrix proteins, and ultimately a profoundly disturbed hepatic micro-architecture. This process is modified by several co-factors such as increased alcohol intake (\> 50 g/d), obesity, insulin resistance, and others \[[@B1]-[@B10]\]. Importantly, human immunodeficiency virus (HIV) co-infection has been identified to dramatically accelerate liver fibrosis in HIV/HCV-infected patients with advanced immune-deficiency \[[@B11]-[@B15]\].

Consequently death from end stage liver cirrhosis or liver cancer had been major factors contributing to death in HIV/HCV co-infected patients during the pre-HAART era. Effective HAART has reduced the burden of opportunistic diseases and overall mortality. Thus, deaths related to liver disease have now become one of the most important causes of death in HIV/HCV co-infected patients, although the absolute number of deaths due to liver disease has decreased possibly reflecting the beneficial impact of HAART on the speed of liver fibrosis progression \[[@B6],[@B16]-[@B18]\]. For this reason, it has meanwhile been recommended to initiate anti-HCV treatment in patients with HIV-co-infection as early as possible to avoid the increased risk of progressive liver disease. On the other hand, effective antiretroviral therapy can improve immune functions, and it has been proposed that preserved immunity may reduce fibrosis progression in HIV/HCV co-infected patients and result in reduced liver related mortality \[[@B6],[@B18]\].

The decision to initiate anti-HCV treatment pivotally depends on the assessment of hepatic fibrosis. However, liver histology is obtained by biopsy, i.e. an invasive procedure, which has poor acceptance among patients - in particular in those who require repeated assessment. In addition, liver biopsies are subjected to considerable sampling error, and a high degree of inter-observer variability \[[@B19]\]. Thus, various non-invasive tests have been developed to assess liver fibrosis without the need for a biopsy. Transient elastography measures liver stiffness as an index of liver fibrosis. This procedure is easy to perform and entirely harmless. It enables to assess a greater fraction of the liver as a biopsy, and has been demonstrated to correctly reflect the degree of liver fibrosis in a great variety of different chronic liver diseases \[[@B20]\]. Therefore, we applied this non-invasive technique in a cross-sectional analysis to compare liver fibrosis between HCV and HIV/HCV co-infected patients under HAART.

Patients and methods
====================

Patients were prospectively recruited between January and December 2007 at the University Hospital of Bonn, Germany. Patients were eligible for the study if they had active HCV or HIV/HCV co-infection with detectable serum HCV-RNA. Patients with body mass index (BMI) \> 28 or perihepatic ascites on abdominal ultrasound were excluded from the study. Informed consent was obtained prior to the study, and the protocol had been approved by our local ethics committee in accordance with the Declaration of Helsinki.

Clinical and demographic data such as age, gender, BMI and medication were recorded in all patients. Detection of anti-HCV, anti-HIV, HCV-RNA, and HIV-RNA, as well as determination of HCV genotypes, HCV and HIV viral loads, CD4 counts, liver function tests and platelet counts were done with standard routine tests as described previously \[[@B21]\]. The AST to platelet ratio index (APRI) was calculated from platelet counts and AST values as a serum surrogate marker of fibrosis \[[@B22]\].

Transient elastography (TE)
---------------------------

All patients were examined by TE following previously published guidelines \[[@B23]-[@B25]\]. In brief, the tip of the probe transducer was placed on the skin between the rib bones over the right lobe of the liver. Measurement depth was between 25 and 65 mm below the skin surface. Ten measurements were performed with a minimum success rate of at least 60%. IQR for TE were lower than 20% of the median for all measurements included in this analysis. The results are expressed as median stiffness of all measurements in kilopascals.

Statistics
----------

Categorical and quantitative variables were compared by Fischer\'s exact test and the nonparametric MannWhitney-U test, respectively. Mean values in each group were compared by one-way analysis of variance (ANOVA) and Bonferroni correction. Correlations of liver stiffness to biochemical markers or surrogate fibrosis scores and to age were analyzed by non-parametric Spearman rank correlation, and associations of infection status to severe fibrosis or cirrhosis were checked by Fisher\'s exact test.

Results
=======

A total number of 147 patients had been screened for the study, but 3 patients in each group had to be excluded because obesity made transient elastography impossible (BMI \> 28 kg/m2). Thus, 141 patients - 84 patients with HCV mono-infection and 57 patients with HIV/HCV co-infection - were included into the study.

Clinical characteristics are summarized in Table [1](#T1){ref-type="table"}. HCV genotypes were available in 72/84 and 55/57 patients, with genotype 1 being most frequent in either group (69% vs. 76%). In either group 64% and 85% of patients were male, and median ages were 48 and 42 years, respectively. Forty-seven (82.5%) of the HIV-positive patients received HAART which was mainly based on ritonavir-boosted protease inhibitors in 42 patients (84%) and non-nucleoside reverse transcriptase inhibitors in 5 patients (16%), respectively. All patients received two nucleoside analogues as backbone of HAART, although none of the patients had stavudine or didanosine as part of their current regimen. 42 of the 47 treated patients (89%) had viral loads below the limit of detection. Immunity was well preserved in our HIV/HCV co-infected patients with CD4 counts below 200/μl being detected in only 8 (14%) patients. 7 of the latter were on treatment with HAART at the time of TE.

###### 

Clinical Characteristics of the study groups

                                                                       HCV mono-infected   HIV/HCV co-infected
  -------------------------------------------------------------------- ------------------- ---------------------
  Age, median (range)                                                  48 (21-79)          42 (23-58)
  Male, n                                                              54                  49
  HCV genotypes                                                                            
   1, n (%)                                                            59 (70%)            47 (82%)
   non-1, n (%)                                                        25 (30%)            10 (18%)
  Risk factor for HCV or HIV/HCV infection                                                 
   i.v. drug abuse, n (%)                                              45 (54%)            32 (56%)
   Blood products, n (%)                                               0                   25 (44%)
   unknown, n (%)                                                      39 (46%)            0
  HAART                                                                                    
   No, n (%)                                                           n.a.                10 (18%)
   Yes, n (%)                                                          n.a.                47 (82%)
  PI-based HAART, n (%)                                                n.a.                39 (84%)
                                                                                           
  CD4 count, median (range)                                            n.d.                430 (10-1486)
                                                                                           
  CD4 \< 200/μl, n (%)                                                 n.d.                8 (14%)
                                                                                           
  AST (U/l), mean ± SD                                                 59.7 ± 42.4         66.6 ± 60.1
                                                                                           
  ALT (U/l), mean ± SD                                                 76.3 ± 48.8         94.4 ± 84.3
                                                                                           
  GGT (U/l), mean ± SD                                                 104.0 ± 128.0       128.0 ± 129.0
                                                                                           
  Bilirubin (mg/dl), mean ± SD                                         0.7 ± 0.5           1.0 ± 1.0\*
                                                                                           
  Platelets (T/l), mean ± SD                                           198.3 ± 81.0        155.9 ± 68.4\*
  APRI-score†, mean ± SD                                               1.5 ± 2.3           2.7 ± 5.3
  Metavir-Score according to transient elastography (% of patients)°                       
   F0/1                                                                42 (50%)            31 (54%)
   F2                                                                  10 (12%)            5 (9%)
   F3                                                                  11 (13%)            8 (14%)
   F4                                                                  21 (25%)            13 (23%)

\* p \< 0.05, † APRI = AST to platelet ratio. calculation of APRI-score: AST/Platelet count

52 of the 57 HIV-infected patients had been exposed to a median duration of 3661 days of HAART (range 115 - 6209). 31 patients had received stavudine as part of prior regimens (median exposure time 1185 days, range 121 - 3516), and 24 had received didanosine (406 days, 15 - 2685). There was no difference in liver stiffness with regard to prior exposure to stavudine (exposed 8.8, 3.3 - 66.4 vs. not-exposed 6.1, 3.6 - 30.7; p = 0.369) or didanosine (exposed 9.2, 4.6 - 66.4 vs. not-exposed 6.1, 3.3 - 60.4; p = 0.208).

HIV/HCV co-infected patients had significantly higher bilirubin (1.0 ± 1.0 mg/dl vs. 0.7 ± 0.5; p = 0.007) and lower platelet counts (155.9 ± 68.4 G/l vs. 198.3 ± 81.0; p = 0.001) than HCV mono-infected patients but the difference in APRI score did not reach statistical significance (1.5 ± 2.3 vs. 2.7 ± 5.3). Moreover, we did not detect significant differences in AST, ALT and γ-GT between the groups. Furthermore, clinical and biochemical markers did also not differ between HIV+ patients on PI versus NNRTI-based antiretroviral regimens (data not shown).

Liver stiffness
---------------

Overall liver stiffness varied from 3.3 to 75 kPa with a mean of 13.6 kPa. Of note, liver stiffness was not different between HCV-mono-infected \[14.4 kPa (10.8 - 18.2) mean, 95% confidence interval (95%CI)\] and HIV/HCV-co-infected patients (12.4 kPa (9.1 - 16.1) 95%CI) (Figure [1](#F1){ref-type="fig"}). Likewise, liver stiffness did not differ between HIV/HCV co-infected patients with or without HAART, whereas liver stiffness in the 8 patients with low CD4 counts (\<200/μl) was markedly increased \[18.4 kPa (0.8 - 36.0)\] as compared to patients with CD4 counts \> 200/μl \[11.5 kPa (8.4 - 15.0)\]. However, due to the small number of patients with low CD4 counts this difference failed to reach statistical significance (p = 0.187).

![**Cross sectional comparison of liver stiffness in HCV- and HIV/HCV-infected patients**. Panel A) illustrates that there is no difference liver in stiffness between HIV/HCV-co-infected versus HCV-mono-infected patients, while panel b) demonstrates a marked difference in liver stiffness between HIV/HCV-co-infected patients with compensated immunity (CD4 counts \> 200/μl) versus patients with advanced immunodeficiency (CD4 counts \< 200/μl). Data are given as box plots, where the limits of the boxes indicate the 25th and 75th percentiles, and the lines inside the boxes the 50th percentile (median). The whiskers mark the 10th and 90th percentiles, respectively.](2047-783X-15-4-139-1){#F1}

Liver stiffness results correlated significantly with bilirubin (r = 0.35; p \< 0.001), and γ-GT levels (r = 0.55; p \< 0.001). In addition, liver stiffness results were also highly significantly correlated with the APRI-score which has been established as a non-invasive laboratory surrogate marker of liver fibrosis and cirrhosis in patients with HCV-mono-infection and HIV/HCV-co-infection (r = 0.66, p \< 0.001).

As the date of HCV acquisition usually is not known, we took age as a possible surrogate of HCV duration and correlated this with the liver stiffness. Indeed, we found an identical relationship of age and liver stiffness in the two patient groups suggesting identical rates of fibrosis progression (annual increase in liver stiffness: HIV pos. 0.31 ± 0.04 kPa/year; HIV neg. 0.29 ± 0.03 kPa/year) (Figure [2](#F2){ref-type="fig"}).

![**Correlation of liver stiffness and age as a surrogate marker of disease duration**. Panel A shows the correlation in HIV negative patients, Panel B in HIV positive patients. The slope of the regression line is identical in both subsets (HIV pos. 0.31 ± 0.04 kPa/year; HIV neg. 0.29 ± 0.03 kPa/year). This indicates that there is no difference with regard to HCV duration between both groups.](2047-783X-15-4-139-2){#F2}

Discussion
==========

Studies from the pre-HAART era suggested that liver fibrosis progressed more rapidly in HIV/HCV co-infected patients than in patients with chronic hepatitis C alone. When highly active antiretroviral therapy became available it was demonstrated to markedly reduce opportunistic infections but not viral hepatitis. Thus, it was predicted that accelerated progression of fibrosis might become a leading problem in HIV/HCV co-infected patients in the HAART era.

Using transient elastography, a highly reliable surrogate test to assess liver fibrosis, our study demonstrated that the distribution of liver fibrosis was identical in HCV mono-infected patients and HIV/HCV-co-infected patients under HAART. Since our study groups reflected all patients (95.5%) who had been studied by transient elastography for hepatitis C and HIV/HCV co-infection in 2007, selection bias can largely be excluded and the study groups are representative for HCV- and HIV/HCV-infected patients in our region. Thus, our results suggest, that increased liver fibrosis is no longer encountered in HIV/HCV-co-infected patients under HAART as compared to HCV mono-infection. Of note, our results are in line with the previous observation that accelerated liver disease in HIV/HCV co-infection was linked with advanced immunodeficiency \[[@B11]\], and our co-infected patients with CD4 counts \<200/μl still revealed markedly increased fibrosis. However, this subgroup was rather small and thus did not contribute significantly to the overall distribution of liver fibrosis.

HAART restores CD4 counts and preserves immune functions, which may prevent accelerated progression of fibrosis associated with hepatitis C. For instance, in serial liver biopsies Benhamou and co-workers have directly demonstrated that PI-based antiretroviral therapy can decrease the rate of fibrosis progression in HIV/HCV co-infected patients \[[@B6]\]. Improved fibrosis progression under HAART is further supported by a small number of other studies which reported reduced rates of fibrosis, when HIV co-infection was effectively controlled by HAART \[[@B26],[@B27]\]. Finally, a decreased rate of fibrosis under HAART may explain, why liver-related mortality is markedly improved under HAART, although antiretroviral drugs do not act directly on HCV replication \[[@B11],[@B18]\].

Liver stiffness was well correlated to platelet counts and the APRI score, surrogate markers, which have also been used to predict fibrosis in HCV and HIV/HCV co-infection. Of note, differences in APRI scores were not significant in line with our TE results, while cohort platelet counts were significantly lower in the co-infected group. This difference, however, is more likely to reflect suppressive effects of HIV infection on bone marrow function rather than advanced liver fibrosis \[[@B28]\].

Longer duration of HCV might be associated with advanced stages of fibrosis, as fibrosis is a dynamic process leading to increased fibrosis after long term HCV infection. In most studies information on exact duration of HCV is not precise. However, we can exclude differences in hepatitis C duration as a confounding factor for two reasons: First, HIV-positive patients were hemophiliacs to a large extent. This group has been infected in a relatively short time interval during the late 70ies. Second, we found an identical relationship between patient age as a surrogate marker of disease duration and liver stiffness scores in the two patient groups suggesting identical rates of fibrosis progression.

Contrary to our results, several recent studies still continued to report excess morbidity and mortality in HIV/HCV co-infected patients \[[@B29]-[@B31]\]. For instance, also using TE de Ledinghen et al. reported increased fibrosis in their co-infected patients despite antiretroviral therapy \[[@B29]\]. However, discrepancies to our study are probably explained by the very low number of patients with advanced immunodeficiency in our cohort. Moreover, an increased prevalence of other co-factors such as drug and alcohol abuse may have contributed to the more unfavourable results in the other studies, whereas our HIV/HCV patients mainly comprised haemophiliac men who have a considerably better prognosis than drug addicts. Although we did not directly assess life-style related parameters as co-factors (especially alcohol use), we are confident from previous studies, that potential bias due to such cofactors is negligible \[[@B18]\]. Finally, the vast majority of our co-infected patients received a PI-based HAART (83%), which is known to exert greater antifibrotic activity than other HAART regimens \[[@B6],[@B16],[@B17]\].

It is noteworthy that the proportion of patients with significant fibrosis and cirrhosis in both groups is large, indicating that many patients have already progressed to fibrosis. Therefore the difference in fibrosis between both groups may be too small as to enable detection of differences in progression rates by a retrospective study.

In summary, our cross-sectional study suggests that the distribution of fibrosis between HCV mono-infected patients and HIV/HCV co-infected patients does not differ when immune functions are well preserved under HAART. This observation may be a first hint that in principle effective HAART can reduce fibrosis progression in HIV/HCV co-infected patients to the same rate as in HCV mono-infection. Prospective longitudinal studies on large patient cohorts with repeated long-term monitoring of fibrosis progression in HCV-mono-infected as well as HIV/HCV co-infected patients are needed to ascertain this attractive hypothesis.
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